Background: Pancreatic injuries arising from blunt trauma are rarely seen. Diagnosis and treatment are diffi cult because of retroperitoneal localization of the organ. We present four pancreatic cases with isolated pancreatic injury due to blunt abdominal trauma. Methods: This retrospective study included four pancreatic patients who were operated on due to isolated injury caused by blunt abdominal trauma at our department between January 2004 and October 2010. Results: The patients consisted of three males and one female. One of them was in stage IV and the rest were in stage III. All underwent pancreaticojejunostomy, distal pancreatectomy, distal pancreatectomy + splenectomy and drainage, respectively. Fistula developed in two of them, and abscess developed in one, while the other one died. Conclusion: Diagnosis may be delayed since the clinical condition is initially stable. Tomography remains one of the most important diagnostic tools. Common risk factors for morbidity and mortality are the presence of ductal injury and delayed laparotomy (Tab. 1, Fig. 4, Ref. 22). Full Text in PDF www.elis.sk.
Current increase in traffi c and occupational accidents has caused signifi cant escalation in abdominal traumas. In blunt traumas, pancreas is rarely injured due to its anatomical localization, when compared to solid organs (1) . However, pancreas is bound to get injured when remained between the striking power and columna vertebralis even in minor abdominal traumas including fi sting, kicking, falls from height or from bike (2, 3) . While injuries of spleen, liver and kidney reveal immediate departmental fi ndings after the trauma, pancreatic injuries take longer time to reveal any fi nding, causing morbidity and mortality (1, 2) . We present four pancreatic cases were isolated pancreatic injury caused by blunt abdominal trauma was evident.
Materials and methods
This retrospective study included four pancreatic patients who were operated on due to isolated injury caused by blunt abdominal trauma at our department between January 2004 and October 2010. The cases were graded according to 'The Pancreatic Injury Scale' by 'The American Association for the Surgery of Trauma' (4) . The patients were analyzed in terms of their age, gender, injury type, duration from injury to operation, preoperational diagnostic methods, grade of injury, injury severity score (ISS), surgical methods performed, length of hospital stay, morbidity and mortality. Patients who had associated organ injuries were excluded. Hemogram, biochemical parameters, PA chest X-ray and serum amylase levels were assessed. Also abdominal ultrasonography (USG) and computed tomography (CT) were obtained. USG and CT were departmentally and radiologically repeated in patients with possible organ injury, within 48 hours. Operational decision was taken depending on peritonitis fi ndings and/or CT results. During the post-operational period, all patients received adequate fl uid replacement, total parenteral nutrition and somatostatin. Postoperational drainages which exceeded 100 mg/day or lasted more than 10 days were accepted as pancreatic fi stula (5).
Results

Patient characteristics
There were four pancreatic patients in our department, who were operated on due to isolated injury caused by blunt abdominal trauma. Of these, 3 were male and 1 was female. Mean age was as 19.8±5.7 (16-28) years. The injuries included traffi c accidents (2), fall from height (1), strike (1). One case was in stage IV, while three were in stage III (Tab. 1). Mean ISS was calculated as 10.7±3.5 (9) (10) (11) (12) (13) (14) (15) (16) .
A dmission, Operation Periods and Departmental view
The patients were hemodynamically stable at admission. Mean duration from injury to operation was 7±11.4 (0.5-24) hours. For the fi rst patient admitted to our hospital 8 hours after the trauma were evaluated in another institution approximately half an hour after the trauma. The second patient was admitted to our emergency department three hours after the traffi c accident. The third patient was operated just 0.5 hour after the trauma in another institution at the 24th hour of follow up. He was transferred to our department for postoperative follow-up and treatment. The fourth patient arrived at our emergency department 24 hours after the trauma.
The mean interval between trauma and operation was revealed as 22.5±12.4 (6-36) hours. Free fl uid was detected on ultrasound in the fi rst patient on the day he was hospitalized at our department. The suspected lesion detected in the pancreas by CT on the fi rst day was considered to be hematoma. On the second day, ductal injury was detected at the junction between head and corpus on CT (Fig. 1) . The patient was operated on at the 36th hour. As with the second case, free abdominal fl uid was detected by ultrasound, and ductal injury was detected in distal pancreas on CT. He was operated on at the 6th hour as peritonitis signs emerged. The third case was operated on due to acute abdomen signs after a 24-hourfollow-up in another institution. The fourth patient was admitted to our emergency department 24 hours after the strike. She did not have a traumatic anamnesis. Free fl uid was detected on the ultrasound, while amylase level was high. Hemorrhagic fl uid was obtained through paracentesis. Upon the high amylase level measured from the fl uid, she professed the truth, stating that she had had an abdominal strike 24 hours before. Afterwards, she was operated on due to a ductal injury detected at the corpus-caudal junction (Fig. 2) .
Serum amylase level
Preoperative serum amylase levels were studied. The value for the fi rst patient was normal in the other institution, while it was slightly high (147 U/L) during the 8th hour after he had arrived to our department, and it gradually raised thereafter (611-724-955-1517 U/L). The amylase level for the second patient was initially normal.
However, he was operated on at the 6th hour as a result of peritonitis and CT results. The third patient had a level of 1055 U/L while the level for the fourth patient was too high to assess at 24th hour.
Ima ging methods
Ultrasound and CT were undertaken in all the patients. Free abdominal fl uid was detected on ultrasound, and ductal injury on CT. Ultrasound and CT were repeated for the fi rst and the fourth patient till their surgical intervention.
Surgical procedure
The fi rst patient presented with pancreatic transect and hematoma near the pancreas head. Hematoma was drained. Proximal duct was ligatured following debridement (Fig. 3) . Pancreaticojejunostomy was applied to the distal part as Roux-en-Y. The second and third patients underwent distal pancreatectomy as the ductal injury was in distal pancreas (Fig. 4) . The third patient also received splenectomy since distal pancreatectomy and the spleen could not be saved. As for the fourth patient, primary suturing and hemostasis were applied because ductal injury was overlooked in the other institution. Drainage was applied twice in the follow-up due to fi stula and abscess development.
Pos toperative period
Mean length of hospital stay was 22.5±15.0 (10-44) days. Ultrasound-guided percutaneous drainage was performed for the peripancreatic abscess with the second patient. Fistula developed in the fi rst and the third patients. In the fi rst patient, fi stulous fl ow rate was 150 cc per day, which was closed spontaneously 21 days later. The third patient had a fl ow rate of >500 cc after the initial operation. Laparotomy was performed on the postoperative day 13 as the fl ow rate did not reduce, and the patient had continuous fever while abscess formation was detected in peripancreatic and pelvic regions on Ultrasound and CT. Pancreatic region could hardly be explored and drained due to intense abscess and fi brotic tissue. A second drainage was performed on the postoperative day 20 because of repeated abscess formations. Mortality occurred in the fourth patient as a result of sepsis caused by abscess and fi stula formations and due to multi-organ failure, on the 44th day of the fi rst operation. With the remaining three patients, no exocrine or endocrine failure was detected during the 1st and 3rd monthly checks. 
Discussion
Approximately 1/3 of pancreatic injuries consist of blunt injuries, which constitutes 0.2 % of blunt abdominal traumas. Isolated pancreatic injuries are relatively rarer and they are reported to represent 3-10 % of pancreatic injuries (6, 7). Pancreatic injuries are reportedly more frequent among young adults due to the scarcity of the protective fat tissue which functions as a cushion in retroperitoneal region (8, 9) . A total of 443 subjects with blunt abdominal trauma were admitted to our emergency department between January 2004 and October 2010. Among these, isolated pancreatic injuries represented 0.9 %. Since pancreatic injuries are commonly accompanied by injuries in the stomach, vascular structure and liver, the fi ndings of other organ injuries become prominent and thus pancreatic injury is only diagnosed during laparotomy. As with the isolated pancreatic injuries, the retroperitoneal localization of the organ causes delayed symptoms and fi ndings, causing a diffi culty with diagnosis (7, 10) .
The serum amylase levels are reported normal in 25 % of the patients presenting with pancreatic injury (7). However, Akcan et al (5) report that the serum amylase levels at admission are high in 73 % of the patients and that this rate increases to 89 % after serial measurements. Moreover, the amylase level measured within the fi rst 3 hours following the trauma does not have a diagnostic signifi cance, on the other hand it is found to be more significant thereafter (11, 12, 13) . A correlation was not found between ductal injury and serum amylase level (14) . In this study, the amylase levels were normal in two patients at admission. Initial physical examination fi ndings were nonspecifi c in our patients, yet peritonitis fi ndings emerged thereafter. In light of these data, the patients with pancreatic injuries should be followed up. We consider the amylase as a method which is not diagnostic or exclusionary in pancreatic injuries but which could play an important role in the diagnosis of pancreatic injuries together with the fi ndings and images of physical examination since its sensitivity increases gradually.
Ultrasound remains the primary option in the diagnosis of abdominal traumas. Being performed bedside and providing information about the presence of intraabdominal free fl uid and about the accompanying organ injuries are among its important advantages. Yet, Ultrasound is not very useful in diagnosis due to the retroperitoneal location of the organ (15) . CT is not only useful in proper evaluation of the pancreas and other solid organs of hemodynamically stable patients but is also an important imaging method in operational decision-making. CT is known to visualize ductal pancreas injuries at a rate of 68-100 % (15, 16) . The fi ndings on CT which may indicate pancreatic injury are: a) intra-and extraperitoneal fl uid, fl uid in the lesser sac; b) pancreatic hematoma or laceration; c) diffuse gland enlargement with pancreatitis or focal edema at the site of the injury; d) thickening of the left anterior renal fascia (17) . These fi ndings are unusual and often subtle and patients with pancreatic injury rarely exhibit more than one fi nding. The success rate of CT that is repeated after 24 hours is reportedly higher due to fl uid accumulation and edema development around the pancreas (18) . While only intraabdominal free fl uid was detected on USG in all patients, ductal injury was detected on CT. In abdominal injuries arising from blunt trauma, CT on the thin sections obtained from the patient may increase the possibility of early diagnosis and reduce the risk of overlooking pancreatic injuries.
The most important factor that determines the operational strategy and affects mortality and morbidity is pancreatic duct injury (10, 15, 17, 19) . If the injury does not include ductal injury (Grade I-II), primary suturing and drainage are performed; if ductal injury is on the left of vena mesenteric superior (VMS) (Grade III), distal pancreatectomy is recommended. In this case spleen may be protected at a rate of 44 %. If injury is on the right of VMS (Grade IV) and more than 90 % resection is required, pancreaticojejunostomy is performed in order to prevent endocrine and exocrine pancreatic failure; and in injuries located at the pancreatic head, damage control surgery or pancreaticoduodenectomy is performed (1, 17, 19, 20) . In our study, all the patients presented with ductal injury. In two of them, distal pancreatectomy was undertaken as pancreas was transected on the left to VMS. One of them also underwent splenectomy as it was not possible to preserve the spleen. The patient who was traumatized on the right of VMS received pancreaticojejunostomy. Fistula developed in the last patient since ductal injury had been overlooked during the operation in another institution. In subsequent laparotomies, only drainage was performed since defi nite surgery could not be performed because of intense abscess and fi brosis.
Somatostatin and its analogue, octreotide, are reported to reduce the fl ow rate of pancreatic fi stula in retrospective studies (16, 21) . All of our patients received somatostatin infusion during the postoperative 7 days. However, fi stula development could not be prevented in two cases. It is not suitable to comment on this phenomenon because the series of our subjects was too small.
The complications caused by pancreatic injury including fi stula, abscess, pancreatitis, anastomosis leakage, pseudocyst, exocrine and endocrine failure are observed at a rate of 35-64 % (20) . Fistula is the most common complication in pancreatic injuries and it frequently develops in injuries near pancreatic head. Ninety percent of them are spontaneously closed in a period ranging between 2 weeks and 2 months (17) .
Mortality rate in pancreatic injuries is reported to be 16-24 % (22) . Early deaths are related to vascular hemorrhage, whereas late deaths are generally caused by the sepsis arising from ductal injury or by multi-organ failure (19) . In the fi rst patient, postoperative fi stula developed as the injury was near the pancreatic head, which was spontaneously closed 3 weeks later. In another patient, the peripancreatic abscess was drained. No exocrine or endocrine failure was observed in any of our patients. In the last patient, who ended up with mortality, fi stula developed because ductal injury was overlooked in the fi rst operation and because appropriate surgical procedures could not be performed. He died due to fi stula-induced sepsis and multi-organ failure.
Limitation of this study include lower number of cases and its retrospective study design. It will be helpful to design this study as prospectively in larger series to understand the relation of the departmental approach in pancreatic injury with morbidity and mortality.
Conc lusion
Diagnosis may be delayed since the clinical condition is initially stable. The most important strategy to prevent diagnostic delay is suspecting. CT plays a major role in detecting ductal injury. Common risk factors for morbidity and mortality are the presence of ductal injury and delayed laparotomy. For the cases suspected with pancreatic injury, an immense effort should be exerted to diagnose ductal injury, and immediate intervention should be performed if needed.
